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Each year approximately 795,000 strokes occur in 
the United States, with one stroke occurring every 
forty seconds on average (Benjamin et al., 2017). A 
stroke occurs when blood supply to the brain 
becomes blocked and can lead to long-term 
disability or death. Functional impact following a 
stroke largely depends on the location and extent 
of brain tissue damage with upper extremity (UE) 
paresis being the leading cause of functional 
limitations. Upper extremity paresis is defined as 
the decreased ability to voluntarily activate 
muscles, resulting in weakness and slow or 
inefficient movements of the upper extremities 
(Miller et al., 2010).  
 
Upper extremity functioning is essential for the 
completion of activities of daily living (ADLs). ADLs 
can be defined as basic self-care actions that an 
individual completes, such as eating, toileting, 
dressing, and grooming (American Occupational 
Therapy Association [AOTA], 2008). Due to post-
stroke upper extremity paresis, up to 74% of 
patients will require partial or full assistance from 
caregivers in order to complete ADLs (Dijkers, 
2013). Decreased independence in ADL 
performance can negatively impact an individual’s 
overall health and well-being, as well as 
contribute to financial and caregiver burdens 
(Lang, Bland, Bailey, Schaefer, & Birkenmeier, 
2013; Rigby, Gubitz, & Philips, 2009).  
 
When upper extremity paresis is present post-
stroke, rehabilitation is essential to regain or 
increase independence in ADLs. Multiple 
techniques are used in rehabilitation to treat 
upper extremity function post-stroke. Mirror 
therapy (MT) is one such technique. MT is a 
rehabilitation therapy which consists of placing a 
mirror in a person’s midsagittal plane to reflect 
the movements of one side of the body so that 
the reflected image of the moving extremity is 
interpreted by the brain as normal movement of 
the opposing limb (Thieme, 2018). In the case of 
post-stroke treatment, the non-paretic limb is 
often reflected and therefore interpreted by the 
brain as the paretic limb. While different 
variations in MT setup and protocol are common, 
all forms work by stimulating the regions of the 
brain associated with movement, sensation, and 
pain, to help in the rehabilitation of the affected 
limb (Thieme, 2018). It is known that observation 
of movement and the performance of movement 
share similar cortical motor areas in the brain and 
that MT likely contributes to increased cortico-
muscular excitability (Thieme, 2018). While this 
provides a basic understanding as to how MT 
works, precise mechanisms remain unclear 
(Thieme, 2018).  
 
Due to the high incidence of stroke and the 
detrimental impact it can have on a patient’s 
independence, several systematic reviews 
examining the effect of MT on post-stroke 
rehabilitation for upper extremity functioning  
have been conducted. However, it is necessary to 
provide an update to existing systematic reviews 
to include new clinical studies that have recently 
been published. Since stroke is a leading cause of 
disability, this study aims to determine the 
effectiveness of MT in post-stroke rehabilitation 
for upper extremity function as compared to 
conventional therapy. 
METHODS 
Development of the protocol 
 
 
MSOT Program  Jefferson - East Falls Campus 
The methods of a systematic review were 
followed closely beginning with the development 
of an a priori protocol.  
 
Identification of relevant studies: 
As indicated by the protocol, the following 
electronic databases were searched in February of 
2019: CINAHL, PubMed, TRIP, PsycINFO, 
OTSeeker, and OT Search. A predetermined list of 
subject headings and keywords (Table 1) were 
combined for each database to generate boolean 
search sentences (Table 2). Three systematic 
reviews were identified, and the reference lists 
were manually searched. Any articles that met the 
inclusion criteria were included in the current 
review but were not appraised. Search restrictions 
included quantitative, controlled studies 
published in English in peer-reviewed journals. 
The full inclusion and exclusion criteria can be 
found in Table 3.  
 
Articles were included in the current systematic 
review if they met the following criteria: (1) At 
least half of the subjects were aged 18 or older; 
(2) intervention consisted of mirror therapy; (3) 
outcomes considered the upper extremities; (4) 
study design was quantitative and controlled; (5) 
peer-reviewed, scholarly articles. 
 
The exclusion criteria consisted of: (1) 
interventions that combined mirror therapy with 
another intervention (i.e. CIMT), unless the mirror 
therapy results could be extracted.  
 
Two independent reviewers were responsible for 
searching each database. Each study retrieved 
during the search had the inclusion and exclusion 
criteria applied to the titles and abstracts. After 
article titles and abstracts were screened to be 
included, reviewers discussed disagreements and 
resolved differences by analyzing full text articles. 
Documentation of disagreements and resolutions 
was kept throughout the entirety of the process. A 
third reviewer was consulted to resolve 
disagreements when necessary. A final list of 
included articles across all searched databases 
was made when authors reached consensus. The 
flowchart outlining this process can be found in 
Figure 1.  
 
Appraisal of the included articles: 
To increase the internal validity of the current 
review, two reviewers independently assessed 
each study. This was accomplished by 
systematically determining the level and quality of 
the evidence for each study, based on 
predetermined criteria (Table 4). The two 
reviewers were then responsible for 
collaboratively comparing their two independent 
appraisals of each study and discussing and 
resolving any discrepancies. A third reviewer 
assisted in resolving discrepancies when 
necessary.  
 
Summarizing the content of each included study 
followed the same process: Two independent 
reviewers completed a previously established 
study description table (Table 5) and then 
compared their work to reach a consensus. A third 
reviewer assisted in resolving discrepancies when 
necessary. The study description table included 
information regarding clinical significance in each 
study that it was provided or could be calculated. 
When no measure of clinical significance was 
provided, the minimally detectable difference 
(MDD) or minimally clinically important difference 
(MCID) were calculated. Practice 
recommendations were created by using a 
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RESULTS 
A total of 330 articles were retrieved through 
database searches, forty-seven of which met the 
predetermined inclusion criteria. Of the forty-
seven articles, twelve were appraised and three 
were systematic reviews that had previously 
appraised the remaining thirty-five articles. 
 
As evidenced in the study description table (Table 
5), the included studies used a mix of designs with 
an evidence level ranging from I to III. Six of the 
included studies were randomized controlled trials 
(RCTs), the highest level of evidence (i.e. Amasalyi 
& Yaliman, 2016). These studies used two or three 
groups, depending on their study purpose, 
collected data pre and post intervention, and 
randomized the allotment of their study 
participants. Three of the included studies used a 
quasi-experimental study design. Two of these 
studies used intervention and control groups, 
while one study followed a single group design. 
 
The level of evidence in this systematic review 
ranged from moderate to high. Newly appraised 
studies ranged from low to high quality of 
evidence. Three studies qualified as high-quality 
evidence (70%+) and four studies qualified as 
moderate quality evidence (40%-69%). The quality 
of evidence table provides further details about 
each study (Table 4). 
 
The included studies in this systematic review 
measured change in three outcomes: upper 
extremity function, upper extremity motor 
recovery, and independence in activities of daily 
living (ADLs). 
 
Upper Extremity Function: 
Nine of the appraised studies addressed upper 
extremity function and improvement in function 
after implementation of mirror therapy. Seven of 
the nine studies demonstrated a moderate to high 
level and quality of evidence.  Outcomes included 
within upper extremity function are manual 
function, finger flexion, and upper extremity 
mobility. Assessments used to measure upper 
extremity function included: the Fugl Meyer 
Assessment (FMA), Brunnstrom Stages of 
Recovery, Manual Function Test (MFT), Action 
Research Arm Test (ARAT), the Wolf Motor 
Function Test (WMFT), and the Jebsen Taylor Test. 
These assessments have both high reliability and 
validity. Seven of the nine studies reported 
statistical significance (p-values ≤ 0.05). One study 
produced results that were not statistically 
significant and for one study statistical significance 
was not reported. Four of the nine studies 
produced clinically significant results regarding 
functional improvement of the upper extremity 
post MT, while two of the studies could not be 
interpreted for clinical significance as there was 
insufficient data to calculate effect size. 
 
Twenty-four of the articles appraised in the 
previously existing systematic reviews addressed 
upper extremity function through the use of the 
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aforementioned assessments. Twenty-three of the 
twenty-four are classified as level I evidence.  
These study results indicate that MT can produce 
a positive effect on improvement in upper 
extremity function in patients post-stroke 
(Ezendam, Bongers & Jannink, 2009; Perez-
Cruzado, Merchán-Baeza, González-Sánchez & 
Cuesta-Vargas, 2017; Thieme et al., 2018). It was 
recommended that MT be used in conjunction 
with conventional therapy to produce the largest 
effect (Thieme et al., 2018).  
 
Motor Recovery 
Two of the appraised studies addressed upper 
extremity motor recovery. These studies 
demonstrated high levels of evidence and 
moderate-high quality of evidence. Assessments 
used included the Brunnstrom Stages of Recovery 
and the Fugl Meyer Assessment (FMA). Both 
studies produced statistically significant results, 
however only one study showed clinical 
significance (Cristina, Matei, Ignat, & Popescu, 
2015; Lee et al., 2015). 
 
Eight of the studies previously appraised in the 
existing systematic reviews addressed motor 
recovery; all were level I RCTs. Collectively, these 
studies found that MT used with conventional 
therapy is more effective than conventional 
therapy alone, some found higher efficacy in MT 
alone, as demonstrated by both statistically and 
clinically significant results (Perez-Cruzado et al., 
2017). 
 
Independence in ADLs: 
One of the appraised studies addressed ADL 
functioning (Ju & Yoon, 2018). This study 
demonstrated a high level of evidence and 
moderate quality of evidence. Fourteen studies 
previously appraised in the existing systematic 
reviews also addressed ADL functioning. The 
assessments used to measure ADL functioning 
included the Functional Independence Measure 
(FIM) self-care, Modified Barthel Index (MBI), 
Barthel Index (BI), and the Motor Activity Log. 
These assessments have both high reliability and 
validity. Ju & Yoon (2018) examined correlations 
and reported results in the correlation coefficient 
(r). Results of this study showed a fair positive 
correlation (r = 0.31, 0.33) between MT and 
improvements in toileting and dressing specifically 
(Ju & Yoon, 2018). Clinical significance from this 
study could not be calculated.  
 
Fourteen studies previously appraised in the 
existing systematic reviews addressed ADL 
functioning; all were level I RCTs. In general, there 
was moderate quality evidence present that MT 
had a statistically significant effect on ADLs when 




Upper Extremity Function: 
Using a modified GRADES classification system, 
the outcome of UE function received a Grade A 
score (Dijkers, 2013). There was moderate quality 
evidence and a high degree of clinical significance 
to support this outcome. Additionally, MT was 
determined to have a high benefit versus 
burden/cost; Associated burdens may include 
traveling to and from therapy, time spent in 
therapy, and rehabilitation costs. Further research 
is likely to have an impact on the efficacy of 
existing research. Therefore, it is conditionally 
recommended that clinicians use MT to address 
upper extremity motor function post-stroke.  
 
Motor Recovery 
The motor recovery outcome received a high-
quality score (Grade A) based on the same 
GRADES criteria (Dijkers, 2013). There was a high 
quality of evidence and high amount of clinical 
significance. MT was also determined to have a 
high benefit versus burden, as described above. 
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Therefore, further research is unlikely to have an 
impact on the estimate of effect and validity of 
results. With regard to motor recovery, the results 
should be applied to patients in most 
circumstances. 
 
Independence in ADLs: 
The independence in ADLs outcome received a 
Grade B, with high quality evidence, low clinical 
significance, and high benefit versus burden/cost, 
to support use. Further research may have an 
impact on the estimate of effect and validity of 
results. The results should be applied to patients 
with caution.  
 
CLINICAL IMPLICATIONS 
The twelve included studies in this systematic 
review evaluated the efficacy of mirror therapy for 
improving upper extremity function in patients 
post-stroke. Outcomes evaluated include upper 
extremity function, motor recovery of the upper 
extremity, and independence in ADLs. In the 
current systematic review, quality was rated using 
the modified GRADES system (Dijkers, 2013). 
Previous systematic reviews also reported quality 
levels for each outcome. 
 
Upper extremity function was classified as 
moderate quality using the modified GRADES 
system. This varied from the quality of evidence 
for this outcome found by Thieme (2018), which 
was classified as low quality. In a recently 
published systematic review, medium to large 
effect sizes were found for this outcome (Perez-
Cruzado et al., 2016).  
 
Motor recovery was classified as high quality using 
the modified GRADES system. Thieme et al. (2018) 
reported moderate quality evidence for this 
outcome. Perez-Cruzando (2016) reported that 
the preponderance of studies demonstrated 
improvement in motor recovery. Based on the 
GRADES classification for quality of evidence and 
the findings of the other systematic reviews, 
mirror therapy can be used with patients post-
stroke to improve motor recovery in most 
circumstances. Independence in ADLs received a 
moderate quality score using the modified 
GRADES system, and a moderate quality score was 
also reported by Thieme et al. (2018). However, 
Perez-Cruzando (2016) found no improvement in 
ADLs with mirror therapy.  
 
Further research is warranted, as there were 
apparent inconsistencies throughout appraised 
articles and the previously completed systematic 
reviews. Despite the limited equipment and 
limited risk involved in implementing mirror 
therapy, there are potential burdens for patients 
and their families. These burdens include the 
commitment to therapy sessions, as the 
intervention must be completed approximately 5 
times each week for 30 minutes each session. 
Additionally, clients must be in an inpatient 
hospital to receive treatment. Given that the 
preponderance of appraised articles 
demonstrated improvements in upper extremity 
function in post-stroke patients with the use of 
mirror therapy, mirror therapy is a potential 
treatment option during the rehabilitation 
process, especially for upper extremity motor 
recovery.  
 
Overall, positive outcomes were found for the use 
of mirror therapy in patients post-stroke for the 
following outcomes: Upper extremity function 
(Grade A, moderate quality), Motor recovery 
(Grade A, high quality), and Independence in ADLs 
(Grade B, moderate quality). Given the positive 
outcomes, low cost, and low risk associated with 
mirror therapy, it should be considered as a 
legitimate therapy option when working with 
patients 18+ post stroke for upper extremity 
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function, motor recovery of the upper extremity 
and independence in ADLs.  
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Table 1. List of Search Terms 
  
 Construct 1: Stroke Construct 2: Mirror therapy Limits (if 
any) 
Database Subject Headings Keywords Subject 
Headings 
Keywords  


















CINAHL (("Stroke") OR 
("Stroke 
Patients")) 
N/A  AND (("Mirror 
Therapy")) 
N/A  
































PubMed Stroke N/A stroke 
rehabilitation 
mirror N/A 
Note: [List here the peculiarities of each database that the person searching it should keep in mind. 
For example, how are subject heading searched or how to do a manual search] 
  
TRIP does not have subject headings. 
PsycInfo uses Index Terms as subject headings. 
OT Search uses “words and phrases” rather than keywords, avoid using subject headings as they are 
not clearly laid out on the website. 
OTSeeker does not have subject headings. 
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Table 3. Article Inclusion and Exclusion Criteria 
  
Inclusion Criteria 
Population Intervention and Comparison Outcome Other 












Population Intervention and Comparison Outcome Other 
  Intervention cannot be combined with another 
intervention i.e. mirror therapy & CIMT (unless 
results specific to mirror therapy can be 
extracted) 
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Table 4. Quality of Evidence Table 
  Quality Criteria   
 Citation Type of 
design 




1 Amasalyi & Yaliman, 2016 RCT (3) 1 1 1 1 1 0 0 1 1 0 High I 
2 Guo, Qian, Wang & Xu, 2018 RCT (3) 1 1 1 1 1 1 N/A 1 0 0 High I 
3 Pérez-Cruzado, Merchán-Baeza, 
González-Sánchez, & Cuesta-
Vargas, 2017 
SR (4) 1 1 0 1 1 1 1 1 N/A N/A High I 
4 Thieme, Morkisch, Mehrholz, Pohl, 
Behrens, Borgetto & Dohle, 2018 
SR (4) 1 0 1 1 1 1 1 1 N/A N/A High I 
5 Wing Chiu Chan & Au-Yeung, 2018 RCT (3) 1 1 1 1 1 1 N/A 1 1 1 High I 
6 Antoniotti et al., 2019 RCT (3) 1 1 1 1 1 1 N/A 0 0 0 Moderate I 
7 Cristina, Matei, Ignat, & Popescu, 
2015  
RCT (3) 1 1 1 1 0 1 N/A 1 0 0 Moderate I 
8 Ezendam, Bongers, & Jannink, 
2009  
SR (4) 1 0 0 1 0 1 0 1 N/A N/A Moderate I 
9 Ju & Yoon, 2018 Quasi (5) 0 1 1 1 0 0 1 0 0 1 Moderate II  
10 Lee, Hsieh, Wu, Lin & Chen, 2015 Quasi (5) 1 1 1 0 1 0 1 N
/
A 
0 1 Moderate II 
11 Oliveira et al., 2019 RCT (3) 1 0 0 1 0 0 N/A 0 0 0 Low I 
12 Vila Nova Mota, Ferreira de 
Meireles, Tavares Viana, & Cassia 
de Alburquerque Almeida, 2016 
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(unit; dir. of 
change) 
Results 
(Effect Size (d)) 
Ezendam, D., 
Bongers, R. 
M. & Jannink, 


















n = 32 
 
CG: 
Transparent plastic, exercise therapy 




Stevens & Stoykov (2003) = 2 
Rothgangel et al. (2004) = 16 





























Not able to calculate 
































n = 241 
 
CG: 
CT (OT, Mesh Glove, E-Stim, 
Therapeutic Activities, PT, Task-
oriented functional practice) 
n = 307 
 
Arya et al. (2015) n=33 Level I* 
Dohle et al. (2009) n=36 Level I 
Invernizzi et al. (2013) n=26 Level I 
Kim et al. (2014) n=27 Level I* 
Kojima et al. (2014) n=13 Level I* 
Lee et al. (2014) n=24 Level I 
Lee et al. (2012) n=28 Level I* 
Lin et al. (2014) n=43  Level I 
Michielsen et al. (2011) n=40 Level I 
Mirela Cristina et al. (2015) n=15 
Level I 























N.G. 1.Inter: 0.98; Intra: 
1.30  
(Arya et al., 2015) 
 
Inter: 0.76; Intra: 
0.77  
(Kojima et al., 2014) 
 




Inter: 0.49; Intra: 
0.27 (Michielsen et 
al., 2011) 
 
Inter: -0.11; Intra: 
1.55  
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Samuelkamaleshkumar et al. (2014) 

































Lee et al., 
2012 
Michielse
n et al., 
2011  
Inter: 1.70; Intra: 
N.G. 
(Park et al., 2015) 
 
Inter: 1.12; Intra: 
1.15 
(Samuelkamaleshku
mar et al., 2014) 
 
Inter: 0.58; Intra: 
1.35  
(Kim et al., 2014) 
 
Inter: 0.14; Intra: 
0.43  
(Lee et al., 2014) 
 




2.Inter: 0.7; Intra: 
0.46  
(Dohle et al., 2009) 
 
Inter: 0.77; Intra: 
1.65 





(Lee et al.,, 2012) 
 
Inter: 0.25; Intra: 



























Other interventions  
 
-62 total studies 
Total # of participants: 























2. FIM, Barthel 
Index 
1. d = 0.46 [0.23, 
0.69]  







2. d = 0.48 [0.30, 
0.65]  
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Mean (SD or 





























































































































































































































































































physiotherapy + OT 




















10.2 (5.4 to 
15.0)* 
1.N.G. 
































































1. MDD=  













I/C: n= 7/8 

































Pre: 3.41 (8.4) 
Post: 46.5 (7.5) 
  
CG: 
Pre: 38.6 (6.2) 































































CG1: ESWT  
 
CG2: 

















1 month: IG vs 
CG2, IG vs CG3, 
CG1 vs CG2 
3 months: IG vs 
CG3 
6 months: IG vs 
CG3 




1. Effect size N.G. 
 
MCID = 10 points 
  
-IG → 9.37  
-CG1 →10.92* 
-CG2 → 17.1* 
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1 month: CG1 vs 
CG3 
3 months: IG vs 
CG2, CG1 vs CG2 
  
***P<0.001 
1 month: CG2 vs 
CG3 
3 months: CG1 
vs CG3, CG2 vs 
CG3 
6 months: IG vs 
CG2, CG1 vs CG2, 
CG1 vs CG3, CG2 
vs CG3 
12 months: IG vs 
CG2, IG vs CG3, 
CG1 vs CG2, CG1 






































Modified CIMT  + 




























































2. MT: little to no  





3. MT: little to no  






4. MT: fair  




















































































































2.  NG 

































































Effect size N.G. 
1a. 
 MDC: 0.7 sec 
-IG: 22.5-
15.4=7.1* 
-CG2: 21.2-15.4 = 
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IG (p =0.002)  











IG (p =0.003)   






























































































n = 10 
IG: MT 1. UE 
Function 
1.. FMA 1. Pre: 49- 5.6 
Post: 53.5- 5.3   








































































1.IG: p = 0.001 
CG: p < 0.001 






2.IG: p = 0.002 
CG: p = 0.001 










































3.IG: p = 0.009 
CG: p = 0.001 
Group: p = 0.676 
3.  
MDC: 0.35 pts 
-CG: 2.8-1.8=1.0 







ADLs Activities of Daily Living IG Intervention Group 
ARAT Action Research Arm Test MCID Minimal Clinically Important Difference  
CG Comparison Group MDC Minimal Detectable Change 
CIMT Constraint Induced Movement Therapy MDD Minimal Detectable Difference 
CT Conventional Therapy MT Mirror Therapy 
Dx Diagnosis N.G. Not Given 
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ESWT Extracorporeal Shock Wave Therapy  UE Upper Extremity 
FIM Functional Independence Measure WMFT Wolf Motor Function Test 
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